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A b s t r a c t  
 
T h is  p a p e r  p r e s e nt s  t h e  im p a c t  of  m u l t ip h a s e  s ig na l s  g e ne r a t or  p a r a m e t e r s  
on e l e c t r ic a l  p ow e r  p r ot e c t ion d e v ic e s  t e s t ing  p r oc e s s .  Pu b l ic a t ion inc l u d e  
a  s h or t  p r e s e nt a t ion of  e l e c t r ic a l  p r ot e c t ion d e v ic e s  a nd  t e s t ing  m e t h od s .  
O b t a ine d  r e s u l t s  of  s im u l a t ion t e s t s  ( p a r a m e t e r s  m a t r ix )  a r e  p r e s e nt e d .  
O p t im iza t ion of  m u l t ip h a s e  s ig na l s  g e ne r a t or  p a r a m e t e r s  inf l u e nc e s  t e s t ing  
t im e  a nd  q u a l it y .  
 
K e y w o r d s :  E l e c t r ic a l  Pow e r  S a f e t y  D e v ic e s ,  c a l ib r a t or ,  ov e r c u r r e nt   
p r ot e c t ion,  s h or t c ir c u it  p r ot e c t ion,  d ig it a l   f ie l d  c ont r ol l e r .  
 W p ł y w  p a ra m etró w  k a l i b ra to ra  na  p ro c es   tes to w a ni a  u rzą dzeń  E AZ  

 
S t r e s z c z e n i e  

 
Ar t y k u ł  u k a zu j e  za g a d nie nie  w p ł y w u  w ł a ś c iw oś c i d y na m ic zny c h  
za d a j nik a  s y g na ł ó w  w ie l of a zow y c h  na  p r oc e s  t e s t ow a nia  u r zą d ze ń  E AZ  
( e l e k t r oe ne r g e t y c zna  a u t om a t y k a  za b e zp ie c ze niow a ) .  Pu b l ik a c j a  za w ie r a  
k r ó t k ą  c h a r a k t e r y s t y k ę  ob ie k t u  ( u r zą d ze nie  E AZ ) ,  or a z ob e c nie  s t os ow a ne  
m e t od y  t e s t ow a nia .  Z a p r e ze nt ow a no w y nik i b a d a ń  s y m u l a c y j ny c h ,  w  t y m  
op t y m a l ny  ze s t a w  na s t a w  d l a  ob ie k t u  o za d a ny c h  p a r a m e t r a c h  
d y na m ic zny c h .  W ł a ś c iw y  d ob ó r  na s t a w  p ozw ol ił  na  s k r ó c e nie  c za s u  
t e s t ow a nia ,  b e z p og or s ze nia  j a k oś c i.  
 
S ł o w a  k l u c z o w e :  u r zą d ze nia  E AZ ,  k a l ib r a t or ,  za b e zp ie c ze nie  na d p r ą d ow e ,  
za b e zp ie c ze nie  zw a r c iow e ,   m ik r op r oc e s or ow y  s t e r ow nik  p ol ow y .  
 1 .  I ntro du c e 
 
D y n a m i c  d e v e l o p m e n t  i n  E l e c t r i c a l  P o w e r  P r o t e c t i o n  D e v i c e s  

r e q u i r e  a p p l i c a t i o n  o f  m o d e r n  a n d  e f f e c t i v e  t e s t i n g  m e t o d s .  
M u l t i f u n c t i o n a l ,  d i g i t a l  s a f e t y  d e v i c e s ,  e q u i p p e d  w i t h  a u t o m a t i c  
f u n c t i o n ,  l i k e  S R C  ( s e l f  r e -c o n n e c t ) ,  S F D  ( s e l f  f r e q u e n c y  
d i s c o n n e c t ) ,  S S B C  ( s e l f  s t a n d -b y  c o n n e c t )  r e q u i r e  u n i v e r s a l  t e s t e r s  
a n d  o p t y m a l i z a t i o n  o f  t e s t i n g  p r o c e s s .  I t  i s  m e a n  s h o r t  t e s t i n g  
p r o c e s s   a n d  a c c e p t a b l e  q u a l i t y .  D i g i t a l  d e v i c e s  r e q u i r e  a p p l i c a t i n  
o f  i n t e g r a t e d  t e s t i n g  s y s t e m s  ( f o r  e x a m p l e  K O K O S ,  O M I C R O N ,  
I S A )  o r  c l o s e d  t e s t i n g  s y s t e m s  i n c l u d i n g  c a l i b r a t o r  a s  m u l t i p h a s e  
s i g n a l s  g e n e r a t o r ,  c o m p u t e r  w i t h  m a e s u r m e n t  c a r d  a n d  s o f t w a r e .  
T h e  a i m  o f  t h i s  p u b l i c a t i o n  i s  s h o w  t h e  i n f l u e n c e  o f  c a l i b r a t o r  
p a r a m e t e r s  a s  m o s t  i m p o r t a n t  p a r t  o f  t e s t i n g  s y s t e m  o n   E l e c t r i c a l  
P o w e r  A u t o m a t i c  P r o t e c t i o n  D e v i c e s  t e s t i n g  p r o c e s s .   
 2 .  O b jec t 

 
T h e  o b j e c t  i s  d i g i t a l  f i e l d  c o n t r o l l e r .  T h o s e  d e v i c e s  a r e  m a d e  i n  

P o l a n d ,  f o r  e x a m p l e  i n  Z E G -E n e r g e t y k a  T y c h y  ( C Z A Z ) ,  
E n e r g o t e s t -E n e r g o p o m i a r  G l i w i c e  ( A P Z ) ,  J M  T r o n i c  ( M u l t i M u z ) .  
T h o s e  d e v i c e s  h a v e  m a n y  s a f e t y  f u n c t i o n s :  o v e r  c u r r e n t  
p r o t e c t i o n ,  s h o r t -c i r c u i t  p r o t e c t i o n ,  f r e q u e n c y  p r o t e c t i o n  a n d  m a n y  
o t h e r s .  T h e y  h a v e  r e c o n n e c t  f u n c t i o n  ( A P Z )  a n d  c a n  w o r k  i n  S R C ,  
S F D  a n d  S S B C  s y s t e m s  ( C Z A Z ) .  

Mg r  i n ż .  Ma r e k  K O P E Ć  
 
A b s olw e n t  W y d z iał u  E le k t r y c z n e g o U n iw e r s y t e t u  
Z ie lon og ó r s k ie g o.  O b e c n ie  s ł u c h ac z  s t u d iu m  d ok t or a-
n c k ie g o.  Z aj m u j e  s ię  z ag ad n ie n iam i z w ią z an y m i  
z  au t om at y k ą  z ab e z p ie c z e n iow ą ,  a w  s z c z e g ó ln oś c i  
z  t e s t ow an ie m  m ik r op r oc e s or ow y c h  s t e r ow n ik ó w  
p olow y c h .  
 
 
 
 
 
e-m a i l :  M . K o p ec @ w ei t . u z . z g o r a . p l   
 
T h o s e  d e v i c e s  w o r k  w i t h  c i r c u i t -b r e a k e r s ,  f o r  e x a m p l e  S F 6 
b r e a k e r s  V D -4  p r o d u c e d  b y  A B B .  F i e l d  c o n t r o l l e r  i s  c o n n e c t  w i t h  
p o w e r -n e t w o r k  b y  c u r r e n t  a n d  v o l t a g e  t r a n s f o r m e r s  ( f o r  C Z A Z ,  
i n p u t  c u r r e n t  5 A  a n d  1 A ,  i n p u t  v o l t a g e  1 0 0 V ) .  C o n t r o l l e r  c h e c k  
p o w e r -n e t w o r k  c o n t i n u o u s l y .  I n  c a s e  o f  d a n g e r u o s  i n c r e a s e  o f  
p a r a m e t e r s ,  e m e r g e n c y  s i g n a l  i s  g e n e r a t e d .  W h e n  l i m i t  l e v e l  i s  
e x c e e d ,  d i s a b l e  s i g n a l  i s  g e n e r a t e d .  
E m e r g e n c y  s i g n a l s  a r e  g e n e r a t e d  t o o  i n  c a s e  o f  e r r o r  i n  

s e l f c o n t r o l ,  f o r  e x a m p l e  n o  s u p p l y .  F u n c t i o n s  a n d  p a r a m e t e r s  
s e t t i n g s  f o r  c o n t r o l l e r  c a n  b e  c h o s e n  i n  D C S  ( d i g i t a l  c o n t r o l  
s y s t e m )  o r  l o c a l ,  b y  R S  2 3 2  o r  R S  4 8 5 .   
 
 

  
F ig .  1 .   C Z A Z  – s e t t in g s  [ 6 ]  
R y s .  1 .   C Z A Z  – k on f ig u r ac j a n as t aw  [ 6 ]  
 
M a i n  f u n c t i o n  o f  s a f e t y  d e v i c e s  i s  o v e r c u r r e n t  p r o t e c t i o n .  

S a f e g u a r d  a c t u a t i o n  t i m e  f o r  c u r r e n t  v a l u e  i s  d e f i n e d  b y  t i m e -
c u r r e n t  c h a r a c t e r i s t i c s .  
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k =  0,14 - 12 0,00 
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This characteristic is similar with fuse characteristic. In case of 
fuse b reak er only  one p oint is tested . F or d ig ital field  controller 
there are many  p arameters,  influenting  on characteristic of curv e 
( fig . 2 ) ,  and  many  characteristic p oints. This is reason why  d ig ital 
field  controller tests tak es many  time,  and  ex p ensiv e testers are 
need ed .   
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F i g .  2 .   C h a r a c t e r i s t i c  t=f(I)  
Ry s .  2 .   P r z y k ł a d o w a  c h a r a k t e r y s t y k a  t=f(I) 
 
In p lant work  many  electrical p rotection d ev ices. They  work  in 

d ifferent automatic config uration. A n ex amp le of electrical 
sy stem,  work ing  in S S B C  is shown in fig . 3 . F ig . 4  shows an 
alg orithm [ 1 ] . 
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F i g .  3 .   E l e c t r i c a l  s y s t e m  ,  w o r k i n g  i n  S S B C  [ 1 ]  
Ry s .  3 .   S y s t e m  e l e k t r o e n e r g e t y c z n y  r e a l i z u j ą c y  S Z R [ 1 ]  
 
There are two g roup s of reciv ers A  and  B ,  sup p lied  b y  two 

b reak ers W 1  and  W 2 ,  from two others electrical sy stems. In case 
of failure in first sy stem,  W 1  b reak er is op enen. C ontroll and  
emerg ency  sig nals are g enerated . A ctiv ation and  emerg ency  
sig nals are tested .  W 3  conector is close. A ll reciv ers are sup p ly  
for second  sy stem,  as shown in fig . 3 . It is easy  to imag in,  that 
those tests tak es many  time. This tests are v ery  imp ortant and  
accep tab le q uality  is necessary  [ 1 ] . 
M y  aim is to red uce test electrical p rotection d ev ices time b y  

op timiz ation multip hase sig nals g enerator ( calib rator)  d y namic 
p rop erties. 
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F i g .  4 .   S S B C  t e s t  a l g o r i t h m   
Ry s .  4 .   A l g o r y t m  t e s t o w a n i a  a u t o m a t y k i  S Z R 
 
 
3. T e s t i n g  s y s t e m s  
 
F or testing  electrical p rotection d ev ices multip hase sig nals 

g enerator is necessary . It simulates activ ation sig nals,  for ex amp le 
from current transformers. D ev ice’ s answer is g iv en to 
measurment card . F or testing  an ob j ect ( p lant)  integ rated  testers 
are used  (  IS A ,  K O K O S ,  O M IC R O N ) . C losed  tesing  sy stems and  
integ rated  sy stems work s in the same way . F ig . 5  shows test 
alg orithm. 
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F i g .  5 .    T e s t  a l g o i r i t h m  
Ry s .  5 .   A l g o r y t m  t e s t o w a n i a  u r z ą d z e ń  E A Z  
 
 



PAK 6b i s / 2 0 0 6    123 
 

4. O b t a i n e d  r e s u l t s  
 

Model of electrical safety devices testing system was made in 
MA T L A B ,  as sh own in fig.  6 .  
 
 

  
F i g .  6 .   M o d e l  o f  t e s t i n g  s y s t e m   
R y s .  6 .   M o d e l  s y s t e m u  t e s t u j ą c e g o  u r z ą d z e n i a  E A Z  
 
T h e influ ence of calib rator p arameters on regu lation time and 
over-regu lation h as b een tested  simu lation meth od.  F ig.  7  sh ows 
th e simu lation resu lts,  for ten different calib rator time constans.  T 1 
is time constant of calib rator;  T 5 is time constant of comp u ter.  
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F i g .  7 .   O b t a i n e d  s i m u l a t i o n  r e s u l t s  
R y s .  7 .   W y n i k i  b a d a ń  s y m u l a c y j n y c h  
 
O b tained resu lts are sh own in tab .  1 .  T h ey were comp ared with  
genetic algorith ms resu lts,  ob tained from p araller leaded tests [ 2 ] .   
 
T a b .  1 .   R e s u l t s  c o m p a r e  
T a b .  1 .   P o r ó w n a n i e  w y n i k ó w   
 

pa r a m e t e r s  
m e t h o d  

simulation  
me th od  

g e ne tic   
alg or y th ms 

T 1  
[ s ]  0, 02  0, 2 3  

T 2  
[ s ]  0, 01  0, 1 3  

T 3  
[ s ]  0, 1 5  0, 1 5  

t reg 
[ s ]  1 1 , 9  1 4 , 7  

ov erreg 
[ % ]  < 1 0 9 , 8 4  

 
O b tained resu lts p rove,  th at mu ltip h ase signals generator 
p arameters h ave imp ortant imp act on electrical safety devices 
testing.  I n th e fu tu re ob tained resu lts will b e verified in real tests.  
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